Abstract. Polysilicon thin-film technology has become of great interest due to the demand for large area electronic devices. Active Matrix Liquid Crystal Displays (AMLCDs) and Active Matrix Organic Light Emitting Displays (AMOLEDs) are among the fields where polysilicon thin-film transistors (poly-Si TFTs) are most commonly used. Such devices, generally, require analog signal processing. This fact makes the performance of basic analog blocks, such as current mirrors implemented with poly-Si TFTs, crucial. This paper examines the performance of various current mirror designs through simulation. Finally, a novel design of a current mirror is proposed aimed to be used in low voltage applications.
Introduction
Thin-film transistors have made large area electronic devices such as AMLCDs and AMOLEDs commercially appealing [1] . Despite the similarities with the commonly used MOSFETs, poly-Si TFTs present some important differences. The main reason that causes these differences is that instead of a single-crystal silicon wafer, a typically heat-sensitive material, usually glass, is used. Such a substrate indicates that TFTs lack substrate pin, having only three terminals. The presence of the insulating substrate provides ideal isolation of each device and negligible parasitic capacitances [2] . Devices implemented with this technology demonstrate inferior characteristics, however they make the integration of drive and interface circuitry no the same substrate possible. Because of the nature of the fabrication process, there is a variation in the electrical characteristics of individual TFTs over the substrate area [3] . The major disadvantages of poly-Si TFTs are the large mismatches of the threshold voltage and the mobility of the transistors. These mismatches present no spatial uniformity. The threshold voltage varies up to ± 1V from the nominal value [7] . Another characteristic that deteriorates the performance of poly-Si TFTs is the kink effect [6] . This effect is mainly originated by impact ionization at the drain end of the channel and causes an anomalous increase of the drain current for relatively high values of the drain to source voltage V gs as it can be seen in figure 3 [1] . Lower supply voltages would prevent kink effect from playing a dominant role in the TFTs' saturation region. Many different methods to reduce the effect of these disadvantages are proposed [4] , [5] , [6] . Typical output characteristics of a n-channel poly-Si TFT at different V GS .
Simulation parameters
The simulation programs used were HSpice and AIM-Spice. The poly-Si TFTs were simulated using the PSIA2 RPI model (level 62 and 16 respectively). The default values of the model's parameters were kept [8] except those specified in table 1 [9] and the width (W) and length (L) parameters that were chosen for every design simulated, in order to achieve the optima results. 
Simulation results
The purpose of the simulations was to ascertain the minimum supply voltage needed in order to operate properly, the input and output resistances of the devices and the relative error between the reference and output current for both equal and unequal transistors threshold voltages. The designs were implemented using p-channel TFTs. The effect of the threshold voltage mismatch was taken into account by assuming VTO variations of 1V for each transistor, that means a total 2V difference. The reference input current ranged from 1µΑ to 100µΑ. The first design examined was the simple current mirror implemented with two poly-Si TFTs as shown in figure 4 . The minimum supply voltage was found to be 10V and the relative error between reference input and output current was 16% for no variation of the threshold voltage. The high value of the relative error is caused by the different Vds of the transistors. Assuming 1V variation from the nominal value for the transistors' threshold voltages, the relative error between the input and output current becomes up to 38%. The second design examined was the cascode current mirror implemented with p-type poly-Si TFTs, shown in figure 5 . The minimum supply voltage found 20V and the optimum bias voltage -10V. The relative error between reference input and output current was 10% for common threshold voltages of the transistors used. The decrease of the relative error was expected since the two transistors forming the mirror share an almost identical value of the Vds. Assuming 1V variation from the nominal value for the transistors' threshold voltages, the relative error between the input and output current becomes up to 24%.
The third design examined was the fully cascode current mirror as shown in figure 6 . The supply voltage used was 20V and the relative error was no more than 5% for no variation of the threshold voltage. The result of the assumed non-uniformity of the transistors' threshold voltages was an increase of the relative error up to 25%. The wide swing current mirror of figure 7 was examined. The supply voltage used was 20V. The relative error was found 1,5% for no variation of the threshold voltage. Taking into account the variation from the nominal value of the threshold voltages, the relative error found to be up to 15%. The complexity, the area and the voltage supply increase is the trade-off for the improvement of current mirror performance.
A novel design of a current mirror aimed to be used in low voltage applications is proposed. This design is shown in figure 8 . It was chosen C 1 =6x10 Applying the charge conservation law it can be derived that the TFTs' gates are biased so as:
It is evident that the proposed design shares the same topology with the simple current mirror. Appropriate decision of C 1 , C 2 and V bias values can lead to almost zero threshold voltage transistors, because the gate voltage will be set almost equal to the threshold voltage. Therefore transistors can operate in the saturation region with very small value of Vds.
The results of the previous simulations are summarized in table 2. 
Conclusions
A number of current mirrors implemented with poly-Si TFTs were examined. Their performance was found poor in comparison with those implemented with conventional MOSFETs. However, complex structures such as the wide swing current mirror, present satisfactory characteristics even for the worst transistors' threshold voltages variation case. A novel design has been proposed that can provide a current mirror with practically zero threshold voltage transistors. The behavior of the proposed design is considered satisfactory considering its simple structure.
